Dihydropteridine reductase (DHPR) recycles the cofactor (quinonoid dihydrobiopterin) for the aromatic amino acid hydroxylases. Deficiency in DHPR in children is a variant form of phenylketonuria (PKU) (1 ). The mechanism for enzyme catalysis is that NADH binds to DHPR and supplies a hydride to the tetrahydropterin, and DHPR completes the reduction by protonating the tetrahydropterin anion formed. From the published X-ray structure of the binary complex of DHPR-~ADH of the rat enzyme (2), the phenolic group from Tyr ( 150) in the human enzyme appears to be the enzymic source of the proton.
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Previous studies had shown that althought one of the four cysteines in human DHPR is at the active site, it was shown not to be the source of the proton for completing the enzymic reduction. Replacement of the cysteine residues in turn by serine residues gave mutant enzymes with activitites of the same order as the wild-type enzyme (3) . Further studies of site-directed mutagenesis to understand the structure and function relationships in DHPR were undertaken.
A general procedure was used to carry out all the mutations . Briefly the vector pAlter I-DHPR with human DHPR-cDNA engineered into its multi cloning site was mutated using appropriate oligonucleotide DNA sequences. All the mutations carried out with this plasmid were within the AscI-SphI restriciton enzyme sites and were confirmed by sequencing. The AscI-SphI DNA cassettes in mutated pAlterl-DHPR were isolated ans used to replace the AscI-SphI DNA cassette § Author to whom correspondence should be addressed.
Pteridines / Vol. 7 / No . 3 in the expression vector pGEX2T-DHPR [containing the glutathione S-transferase (GST) gene linked to the human D HPR gene (4)]. The resulting pGEX2T-mutated-DHPR vectors were all shown by a second sequencing to possess the desired mutatiions. These plasmids were transformed into competent E. coli (JM 109) and the fusion protein was purified by affinity chromatogarphy. Pure mutant DHPR protein was pueigied by cleavage of the respective fusion protein with thrombin.
In this manner Tyr ( 150) was replaced by Phe (150), Glu (150 ), Ser (150) and His ( 150).The values of kc.rlKm of 6R-q-BH z (the natural substrate) were 49 .4 (wild type), 0.88 (Phe), 0 .07 (Glu), 1.65 Ser ( 150) and 10.6 His ( 150). The Lys ( 150) mutant was also prepared by it was readily proteolysed. DHPR activity was thus decreased significantly when Tyr (150) was replaced by Phe, but the activity was not lost completely. The kcat value for this Phe mutant DHPR (52 sec·l)was even higher than that of the wild type (44 sec·
Glu (pKa 3.85) was a much stronger proton donor than Tyr (pka 10.3), but DHPR activity after Tyr was replaced by Glu was more than 10 times less than that of the Phe mutant. This may be because the residue was in its anionic form at pH 7.4 of the buffer used. Although a proton source in the enzyme was important, the matching of the pKa of the donor residue with N5 of the conjugate base of BH4 [pKa 10.5] was more important. This was supported by the increased activity of the His mutant compared with the Phe mutant DHPR [note that the pKa of Histidine is 7.33 and of T yrosine amide is 10.2].
Three other mutations were studied because these were natural mutations in some defective children. An extra Thr was inserted at residue 123, Gly (23) was replaced by Asp and Gly (151) was replaced by Ser. The Thr insertion mutant DHPR was unstable and was readily degraded by proteases and difficult to study. The second showed that the kcarlK." for NADH was decreased from 3. 
